Introduction {#s1}
============

We have presented BMI reference data for Japanese children using the LSM method ([@r1]), where L, S and M values were smoothed by one or two segments of polynomial functions with nonsmooth connection, which was the barrier for adequate evaluation of BMI for children. So, we smoothed L, S and M values by cubic spline with several knots that are presented in this report.

Methods {#s2}
=======

We used the same datasets as in a previous report, and the same L, S and M values for each age group before smoothing. The smoothing was performed by extended cubic spline function with several knots, which were determined by the inspection of the shape of the curves to be fitted. The cubic functions were determined by the least sum of the squared desiduals.

Results {#s3}
=======

The three quantities used in the LMS method were smoothed both for boys and girls from birth to 17.5 yr of age. The functions for smoothed L, S and M for months of age are shown in [Tables 1](#tbl_001){ref-type="table"} and[2](#tbl_002){ref-type="table"}Table 1 Functions for smoothed L, S and M by age in months (male)Table 2 Functions for smoothed L, S and M for age in months (female) along with the ages of the knots. Each quantity fluctuated within almost the same as reported previously ([@r1]).

Discussion {#s4}
==========

We have presented L, S and M values for Japanese reference standards for BMI smoothed by cubic spline. Compared with the previous method ([@r1]), we could obtain the median lines that were smoothly connected at around 65 mo of age.

Curves for the centiles are obtained using the formula:

*M* (1 + *LSZ*)^1/^*^L^*, \[1\]

where Z is the Z-score for the normalized distribution. For example, to calculate the 3rd percentile value, Z was substituted as --1.881.

Also, by rearranging equation \[1\], Z-scores are given by:

\[(*Q*/*M*)*^L^*^--1^\]/*LS*, \[2\]

where Q is the observed BMI. The Z-scores obtained using the above equation can be converted to a centile using normal distribution tables.

For using the LMS method, smooth curves for L, M and S can be fitted by a statistical method like cubic spline or polynomial equations or can be drawn by eye ([@r2]). The penalized likelihood method has been introduced for smoothing of L, M and S curves, and this method leads to natural cubic spline with knots at the ages of observation ([@r3]). Although many recent studies smooth L, M and S by maximum penalized likelihood ([@r4],[@r5],[@r6],[@r7]), the present study aims to show the mathematical functions for smoothing more simply.

In conclusion, the present study provides the calculations for smoothed L, M and S values for BMI standards from a representative population of Japanese children. The reference data developed here are useful for evaluation of the BMI of the children from birth up to 17.5 yr of age.
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